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\ CLAIMS ^ 

Whaoj^ claimed: 

1. \ A method of calibrating a camera by calculating camera parameters 
5 required to obtain geometric information of an object using projection invariable 
characteristic of\ concentric circle comprising the steps of; 

a) taking aNplurality of images of a calibration pattern consisting of two or 
more concentric circles located at a same plane and having different radiuses at 
different angles to obtkin images of ellipses as a result of the projection of said 

10 concentric circles; \ 

b) calculating the central points of the projected concentric circles using a 
given algorithm; and \ 

c) calculating the principal point and focal length of said camera for tracing 
the location of a circle in a 3D space using a nonlinear minimizing method based on 

15 the central points calculated in said step b). 

2. The method of calibrating a- camera according to claim 1, wherein said 
concentric circle includes two circles and said step b) includes the steps of: 

d) calculating the central points of the two ellipses to obtain a straight line 
20 passing through said central points; \ 

e) calculating crossing points of said straight line and said two ellipses; and 

f) calculating the coordinate of the centYal point of said concentric circle 
using a cross ratio depending on the central point(O0 of the concentric circle, a given 
point (Mo,) infinitely separated from the central point of the concentric circle on the 

25 straight line passing through the central points of me ellipses, and the crossing 
points of the straight line and the ellipses. \ 
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3. The method of calibrating a camera according to claim 2, wherein said 
step\d) calculates the straight line passing through the centers of the ellipses by 
Equatiop 1: 

equation 1] 

(BT - + (/I'D' - B'C)Y + (D'E 1 + F'C) = 0 

(where X', B\ C, D\ E f and F 1 are constants with respect to the radius of the 
circle and, X\Y' arfe the coordinates of the ellipse center) 

4. The method of calibrating a camera according to claim 3, wherein said 
10 step f) calculates the cooraipate of the center of the circle by Equation 2: 

[Equation 2] 



CriA 9 0 9 B 9 M w ) = — -feS = 2 
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(where A,B are the coordinates Vf crossing points of an ellipse generated by 
projection of smaller circle and the straight line, and A' 5 B' are the coordinates of 
15 crossing points of an ellipse generated \by projection of an external circle 
surrounding the smaller circle and the straight lme) 



5. The method of calibrating a camera according to claim 3 or 4, wherein 
said step c) includes the steps of: 
20 g) assuming that the central point and a approximate focal length obtained in 

said step b) as a principal point focal length; 

h) estimating the location of the circle in a 3D sp^e using said principle 
point and focal length ; and 
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i) repeating said steps g) and h) using a given nonlinear minimization 
algorithm using a normal vector of said concentric circle, a vertical distance from an 
original point and the radius of the concentric circle based on the location of the 
circle obtained in said step h), so that below Equation 3 is minimized. 
5 [Equation 3] 

+ PiZ|^C^»pX^)-^| + / ? 2SK 2 ( W 2^2)- /? 2| 
+ P3ZK 3 ( W 3^3>r^3| + P4ZK("4 J rf4)-^4| 

(where u 0 , v 0 anckf indicate a principle point and a focal length of the camera, 
the first two items in Equation 3 indicate that two concentric circles have the same 
normal vector, next two itenis in Equation 3 indicate that two concentric circles are 
10 located on a plane having the same length, and next four items indicate that a radius 
obtained from given internal parameters is same as the actual radius. 



6. A system for calibrating internal parameters of a camera for 
calibrating parameters between an N^ctual object and images of the object, 
15 comprising; 

a camera; 

a calibration pattern located on a sarfie plane and consisting of two or more 
concentric circles having different radiuses, tn^e image of which is taken by said 
camera; and 

20 a controller for calculating a straight line collecting the central points of the 

images of ellipses obtained by projecting said calibration pattern of concentric 
circles to said camera at a given angle, and finding crossing points of said straight 
line and said projected ellipses to obtain the central f>oint coordinate of the 
concentric circle using a cross ratio (Cr), and tracing the location of the circle in a 
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3D spaceNbased on the coordinate of the central point of the concentric circle to 
calculate a principal point and focal length of the camera. 

7. The\system for calibrating internal parameters of a camera according 
5 to claim 6, wherein\aid principal point and focal length are obtained using a given 
nonlinear minimization\algorithm so that below Equation 3 is minimized. 
[Equation 3] 

+ PlZK/ W P rf l)-^l| + P2Z|*C^2' d 2)"^| 
+ Pi S \ R C> ( * 3 > rf 3 ) - *3 1 + Pa Z K (\ rf 4 ) ~ *4 

(where u 0 , v 0 and f indicate a principle point and a focal length of the camera, 
10 the first two items in Equation 3 indicate that two concentric circles have the same 
normal vector, next two items in Equation 3 indicate that two concentric circles are 
located on a plane having the same length, and ne^t four items indicate that a radius 
obtained from given internal parameters is same as theVctual radius. 

15 8. The system for calibrating internal parameter^ of a camera according 

to claim 6 or 7, wherein said camera is a CCD camera. 
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